
� � �������	��
����� ������������������������������ "!
#$�����&%'�(���*)+�,�-�*��� ���.� /0���.�.�*���

13254768259:9<;+=?>&@A1+B�CD9:9FE
GIHKJMLONQPQRSHUT*PWVYX8Z\[Q]_^a`5VYbAVYc�]

dIT5eAfYHUNa[QegPh]�VYXjikV�blV�NmL�n_VpoqV�r5bAn5HUN
sOt*u dviqo

oqV�r5bAn5HUNxw5i<y{zY| s |�}
~K�h�m�g�����*�q�*���Y����� �a~x��~U���x��~Y� �����

1+��68��9D���������K�
G�HUJMLYN�PmRpHKT*P�VYX�Zk[�]_^a`5V�blV�cY]

dWT5eAfYHKNm[QegPh]+VOX\ikVYbAVYNaLYn_VpokV�r5b�n_HUN
sOt�u d-iqo

okV�r5b�n_HUNxw�i<y.z�| s |�}

� �v¡Y¢_£5¤j¥�¢

¦,H-J5NmHK[QHUT*PWL§T5HUr5NaLOb¨TMH©PhªqVYNm«pRSV_n_HKb¬PQ`MLOPI[�`5VªW[q`5Vª�PQ`5H�J5NmH©XFNmVYT*PaLOb
^©V�N�PmH©®¨wYeAT*PQHUNaLY^©PQeAT5c�ª<elPQ`¯Pm`5HW°ML�[QLYb5c�LYT5cYbAeALMw�^KLOTSR¯LOeAT�PaLOeAT�L'[QHK±*r5HUT�^©H
VOXvJ5`5VYTMVYbAVYcYe�^ULYbkeAT_XFV�NQR¯LPmelV�T�eAT�LY^©PQeAf²LOPQeAVYT_³�°ML�[�Hxn´ªkV�NQ«�eAT5c(RpHKRSVYNm]
µ e·¶ H�¶lw�PQ`5Hp¸M¹5º»¬º¼lºm½Y¾D¿mÀO¼k¼AºKºa¸_Á�¶¯Â�`5HSJ5NmeARSLYNQ]&XFrMTM^�PmelV�T(VYX\Pm`5eA[-JM`5VYT5VY³
blV�cYe�^ULYb�bAV�VYJÃR¯L²]�°�HÄPmVÅPQNaLOTM[QelHKT*PQbA]ÅHKTM^©V_n_H´LYNQ°5elPQNaLONm]Å°5elT�n_elTMc�[ÆVOX
elT5XFVYNmRSLOPQeAVYTÇT5HK^UHK[m[QLYNQ] XFV�N&PmL�[�«_[3È Pm`5HÉ^©V�RÊ°5eATMLPmVYNmeALYb-H©®_J5NmHK[m[�eAfYH
J�VªqHUN§VOXWb�LOT5c�rMLOc�H�HUT�LO°5bAHK[ÊfYHUNm],ËMH©®_eA°5blHÆ°5eATMn_eAT5cÄVYXWHK[m[�HKT*PQe�LObAbl]�LONQ³
°5elPQNaLONm]ÄJ5eAHK^UHK['VYX<elT_XFV�NQR¯LOPQeAVYT�¶,y�r5NÊRpV_n_HKb\PaLO«�HK['L�n_fLOT*PmLYcYH¯VOX�Pm`5H
^©bAV�[QHKn�³Ì^©b�LY[m[?T�LPQrMNQHvVOX�JM`5VYT5HKRSHK[Kw*ª<`MeA^a`ÆLObAblVªW[qn_elÍ�HKNQHKT�P�T5HKr5NmLYb¬NQHKJ_³
NQHx[�HKT*PmLPmelV�TM[jVYX¨LYblb�J�V*[Q[QeA°5blHIJ5`5VYTMHURSHK[kLP\HxLY^a`�[QHK±*r5HUT*PmeALYb5J�V*[�elPQeAVYTSPmV
°�H�HKTM^©V_n_Hxn¨¶?Â7V¯RSLY«YHvPQ`MeA[<ªqVYNm«¬w�ªkH�[Qr5cYc�HK[�PqPm`MLP<Pm`5H�°ML�[QLYb¨c�LOTMcYbAeAL
J5NmVf*e�n_H�L¯NmHUc�elV�T_³�[QJ�HK^©elÎ�^vr5J¬n5LPmHÊ[Qelc�TMLOb¨Pm`MLPILYblbAV_^ULOPQHK[WJ5`5VYTMHURSHK[�PmV
PQ`5H§LOJ5J5NmVYJMNQe�LPmH-[QHK±*r5HKT*PQe�LOb7^UV_n_elTMc�[�bAVOPx¶�Â7V�n_HKRpV�TM[�PQNaLPQH-Pm`MLP�ËMH©®_el³
°5bAHYwMLYNQ°5elPQNaLONm]S°5eATMn_eAT5c¯VOX�T5VfYHKb�[�Hx±*r5HUTM^UHK[<^KLOTÆ°�H'[Qr5J5J�VYNQPQHxn+°�]�Pm`5e�[
RSHK^a`MLYT5eA[QR&wkªqHÏ[Q`5VªÐPm`MLP¯Pm`5H�RSV�n5HUbI^KLOT cYHKT5HUNaLObAelÑKH+PmV´T5VfYHKbW[�HU³
±*r5HUTM^UHK[<LOXÒPQHUN<RSV_n_HKNmLOPQH�LORSVYrMT�Pa[�VOX8PQNaLOeAT5eAT5cM¶

Ó Ô�Õ ¢_£5Ö<×IØI¥�¢5Ù�Ö Õ

Ú Hx±�rMHUT*PQe�LOb�°5eATMn_eAT5c&eA[�L3fYHKNm[QeAVYTÏVYX\PQ`MHp°MelTMn5elT5c&J5NmVY°MblHKR�NQHx±�rMelNmelTMc�PQ`�LP-PQ`5HSe�n_HUT*PmegPh]
VOX?LYTÆelPQHKRÛLYTMn&elPm[WJ�V�[QelPQeAVYT�ª<elPQ`5eATÏL¯[�Hx±*r5HUTM^UH'°�H'°�V�r5TMn¨¶�Ü5V�NIHU®_LYRSJ5blH�w_PQV+HUTM^UV�n5H'L
J5`5V�T5HST�r5RÊ°�HUN µ H�¶ c�¶lw t }�Ý³�|�| uOt Á�w�VYT5HSR§rM[hP�NmHURSHUR§°�HKN-T5VOP-VYT5bA]�Pm`5H¯n_elc�egPa[Uw�°5r_P-PQ`5HKelN
VYNan_HKNvª<elPQ`MelT(PQ`MH�[�Hx±�rMHUTM^UHY¶SÞ�P'`MLY[-°�HUHKT´[�r5c�cYHx[hPmHKn�Pm`MLP�Pm`5H¯°5NaLOeAT,R¯L²]Ï`�L²fYHSn_HUf�HUbl³
VYJ�HKn´L�[QJ�HK^©e�LObAeAÑUHKn´[Q]_[hPmHURXFVYN�Pm`5eA[ÊXFVYNmRVYX<°5elT�n_elTMcÏelT�Pm`5H+n_V�R¯LOeAT(VYX<J5`5VYTMVYbAVYcYe�^ULYb
[QHK±*r5HUT�^©HK[Kw_eAT3Pm`5H-XFVYNmR	VYX7Pm`5Hv¸5¹Mº»¬º¼lºm½O¾D¿aÀO¼8¼AºKºa¸ µ o�LYnMn_HUbAHU]�w�ßK}�zYà5á_o�LYnMn_HUbAHU]�wMâ-LPQ`MHUNQ³
^©V�blH�w_ãäZjLOJMLYcYT5V�w�ßx}Y}�z5á�oqr5NmcYHx[Q[qã{åIegPa^a`�w¨ßK}�}Y}*Á�¶�Â�`5H�JM`5VYT5V�blV�cYe�^ULYb�bAV�VYJ+e�[�cYHKT5HUNaLObAbA]
^©V�TM^©HKelf�HKn¯VYX7LY[�L§[�]_[�PQHURæPm`MLP<^ULYT3±*r5e�^a«�bl]¯HKTM^©V_n_H-LÊ[QHK±*r5HKTM^©HvVOX�JM`5VYT5HKRSHK[�LOTMn�PQ`5HKT
NmHUJ�HKLP+PQ`5e�[+[QHK±*r5HKTM^©HÏ°�LY^a«�NmHUJ�HKLOPQHxn_bl]�¶ Ú PmLYTMn5LONanÅHK[�PQeAR¯LPQHx[�J5b�LY^UH�PQ`MHÄ^ULYJMLY^UegPh]�VOX
PQ`MeA[-bAV�VYJ,LOP'LO°�VYr_PÊÝ_¶ u [�Hx^©VYT�n5[IVYX§çQelT5TMHUN�[�J�HUHx^a`�w èÆLYTMn,egP�e�[-ª<eAn_HKbl]�NmHUc*LONan_HKnÄLY[-n_H©³
J�HUTMn_eAT5c(VYT�Pm`5H3JMNQHUXFNQV�T�PaLObq^©VYNQPQHU® µ HY¶ cM¶Aw8ZjLYr5bAHK[Qr�w7ÜMNQelPQ`�wjãéÜ5NaLY^a«�Vª<eALY«¬w?ßK}�} s Á©¶Ï¦(H
`ML²f�HÊn_HUf�HUbAVYJ�HKn�L¯RSV_n_HKb7VYXjPQ`5H§J5`5VYTMVYbAVYcYe�^ULYb�bAV*V�J�°MLY[QHKn&V�TÏVYrMNIH©®_e�[hPmelTMc¯XFNmLYRSHUªqVYNm«
XFVYNvr5TMn5HUNa[hPaLOTMn_eAT5c�`MVª�PQ`5H§J5NQHUXFNQV�T*PmLOb8^©V�N�PmH©®ÏLOTMnÏ°MLY[mLOb7c�LOTMcYbAeAL¯eAT*PQHKNmL�^�PWPmV3[Qr5J5J�VYNQP



Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number. 

1. REPORT DATE 
2002 2. REPORT TYPE 

3. DATES COVERED 
  00-00-2002 to 00-00-2002  

4. TITLE AND SUBTITLE 
A Model of the Phonological Loop: Generalization and Binding 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
Department of Psychology,University of Colorado Boulder,345 
UCB,Boulder,CO,80309 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release; distribution unlimited 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 
 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 
Same as

Report (SAR) 

18. NUMBER
OF PAGES 

8 

19a. NAME OF
RESPONSIBLE PERSON 

a. REPORT 
unclassified 

b. ABSTRACT 
unclassified 

c. THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 



LY^©PQeAfLPQeAVYT5³·°ML�[�Hxn+ªqVYNm«�elTMc§RSHURSV�NQ] µ Ü5NaLOT5«¬w���VYr5c�`5Nm]Yw5ã�y�� �<HKelbAbA]Yw�ÝY|Y|5ß²Á�¶?Â�`5e�[<RSV_n_HUb
J�HUNQXFVYNmRS[p°5eATMn_eAT5c(°�]´rM[�eAT5c�n_elÍ�HKNQHKT�P¯T5HKr5NaLOb�[�r5°�[hPmNmLOPQHK[§XFV�N§Pm`5H&n_egÍ¬HUNmHUT*P�[QHK±*r5HUT*PmeALYb
J�V�[QegPmelV�TM[¯VOX�J5`MVYT5HKRpHx[U¶�Â�`5e�[�e�[�L´f�e�LO°5bAHÏ[�V�blr5PQeAVYTÅXFVYN+L�[�R¯LObAb·w�^UblV*[�Hxn�³Ì^©b�LY[m[p[QH©P3VOX
elPQHUR¯[qbAel«�HIJ5`5V�T5HURSHx[U¶jåWVªqHUf�HUNxwOPm`5NQV�r5cY`�PQ`5Hv^©VYR§°5eATMLPmVYNmeALYbMJ�VªkHKN\VOX7bALYT5cYrMLYcYH�wOPQ`MHK[QH
J5`5V�T5VYbAVYc�eA^KLOb�[�Hx±*r5HUTM^UHK[¯^KLOTÅNQHKJ5NQHx[�HKT*PSL(`�r5cYH&T�r5R§°�HKN¯VOX�n_eA[�PQeATM^©P+^©VYR§°5eATMLPmelV�TM[pVOX
^©V�TM^©HKJ_Pm[K¶IÂ�`5HKNQHUXFVYNmHYwMPQ`5e�[I°�LY[QeA^ÊRSLYelT*PmHUTMLYTM^©H'RSHx^a`MLOT5e�[QRÛ^KLOTÏ°�HÊbAHUf�HUNaLOcYHxnÆelTÏR¯LYT*]
n_elÍ�HKNQHKT*Pj^UelNa^©rMRS[�PmLYTM^©Hx[8PQV-°5eATMn§elT_XFV�NQR¯LOPQeAVYTpT5HUHxn_HKnÊXFVYNjeARSRpHxn_e�LPQH<r�[�H µ H�¶ c�¶lwYelT��\º��
	��
¾Ò»*½����¯º�����PmL�[�«_[aÁ�¶
� cYV�V_n�HU®5LORSJ5bAHvVYX7Pm`5e�[qXFVYNmRÐVOX8PQNaLOTM[QeAHUT*PKw_J5`MVYT5V�blV�cYe�^ULObAbA]�³Ìn_HKJ�HKTMn_HUT*Pq°5elT�n_elTMc�^©VYRSHx[
XFNmVYR�L�PaLY[Q«p[�PQrMn5elHxn�°�]���el]*LO«�HILOTMn Ú VOPmV µ eAT�J5NmHUJ�LONaLPQeAVYT�Á�¶8ÞÌT¯PQ`5e�[kPmL�[�«¬w*JMLONQPQe�^©eAJMLOT*Pa[
[mL²ª�[�Hx±�rMHUT*PQe�LObAbl]*³�J5NmHK[QHUT*PQHxnp^UVYbAVYNmHKnSbAH©PQPQHUNa[qVYT5HvLP�L�PQeARSH�V�T3L§^©VYRSJ5r5PQHUN�n_e�[�JMbAL²]�w*LYTMn
`ML�n¯PQVSNmHK[QJ�V�TMn¯PmV���À��:½������?VOX8L§NmHKn���V�N�L§cYNmHUHKT��pw_°5r_P<T5VOPqPQV¯LYT*]¯VYPQ`5HKN<^©VYbAVYNQ³�blHUP�PQHKN
^©V�RÊ°5eATMLOPQeAVYT µ H�¶ c�¶lw²c�NQHKHUT���� [7LYTMn-NmHKn ��� [Kwxª<`MeA^a`�ªqHUNmH\LOb�[QV<J5NQHx[�HKT*PQHKn�Á�¶ � XÒPQHKN8LYT�elT5elPQe�LOb
[QHUNmelHx[�VYX\PmNQe�LOb�[-ª<egPm`(PQ`5e�[�[�HUP�VOXqPmLONmcYHUPm[Kw¬PQ`5HpPaLONmcYH©Pa[-ªkHKNQHS[Qª<egPa^a`5HKnÄPQV&°�H�L+c�NQHKHUT!�
LOT�n¯L�NQHxn"�§¶�Â�`�rM[Uw�PQ`MH<PmL�[�«S^©bAHKLYNQbA]ÊNmHK±*r5eANQHx[j°5eATMn_eAT5cÊVYX�^©VYbAVYNkLOTMnSbAH©PQPQHUNqeAT_XFVYNmR¯LPQeAVYT�w
LOT�nÉr5J¬n5LPmelTMcÄVOXIPQ`5Hx[�HÆ°5eATMn_eAT5c�[pLXÒPmHUNpPQ`5H&[Qª<egPa^a`�^©V�TMn_elPQeAVYT�¶#��eA]�LY«YH3LYTMn Ú VYPQV µ eAT
J5NmHUJMLYNmLOPQeAVYT�Á�XFVYr5TMn�PQ`MLOPqelX�Pm`5HU]�[QelRSJ5bA]¯`ML�n¯JMLONQPQe�^©eAJMLYT�Pa[\NmHUJ�HKLOP\Pm`5H�ªqVYNan´ç�PQ`5Hxè'VfYHKN
LOT�nÄVf�HUN-n_r5NmelT5cÆPm`5HpPmLY[Q« µ e:¶ HY¶AwkÀ����·¾D¿�$_¼lÀ��Ìº����%��$x¸�¸&�
���'�a¾DºO»*Á©w�elP-eAT*PQHKN�XFHKNQHxn,[Qelc�T5elÎ�^ULYT�Pmbl]
ª<elPQ`�J�HUNQXFVYNmRSLYTM^©H�¶kÞÌTÏ^UVYT*PQNaLY[�PKwMJ�HKN�XFV�NQRSeAT5c+L¯[QelRSeAbALYNWNQHKJ�HxLPmHKn&RSVOPmVYNWNmHK[QJ�V�TM[QH-PQ`MLOP
n_e�n�T5VOP'eAT�fYV�blf�H§Pm`5H¯J5`5V�T5VYbAVYc�eA^KLOb?[Q]_[hPmHUR µ NQHKJ�HxLPmHKn,XFV�VOP�PmLYJ5J5eAT5c*Á'n_eAn(T5VYPÊeAT�PmHUNQXFHUNmH
µ °Mr_P\Pm`5eA[jPmLY[Q«§n5eAnSeAT*PQHUNQXFHUNmHWLP\PQ`5HI[mLORSH<bAHUf�HUbML�[?LONQPQe�^©r5b�LPmVYNm]Ê[Qr5J5J5NmHK[m[�eAVYTpeAT�L�^©VYT*PmNQV�b
f�eA[QrMLYb�[QHKLONa^a`§PmLY[Q«¬w�[QV'VYTMHI^ULYT5T5VOP\LYNQc�r5H�PQ`�LP?Pm`5HIeAT*PQHUNQXFHUNmHUT�^©H<ª�LY[?[QelRSJ5bA]¯L-R¯LP�PmHUNkVOX
n_elÍ�HKNQHKT*PQe�LOb�PmLY[Q«Sn_e)(�^Ur5bgPh]5Á©¶*�Ïel]*LO«YH�LOTMn Ú VOPQV µ eAT�J5NmHUJMLYNmLOPQeAVYT�Á�eAT*PQHKNQJ5NmH©P\PQ`5e�[\J�LP�PmHUNmT
VOXqNQHx[�rMbgPa[�LY[�[Q`5Vª<elTMc+Pm`MLP�Pm`5H¯J5`5V�T5VYbAVYc�eA^KLOb8blV�VYJ�[Qr5J5J�VYNQPm[vPQ`MH¯°5elT�n_elTMc�VOXq[�PQeARÊrMblrM[
XFHKLOPQr5NmHK[ µ HY¶ cM¶Aw5JMLYN�PmeA^UelJMLYT*Pm[qNQHKJ�HxLPmHKn_bA]3[mL²]SPQVSPm`5HUR¯[QHUbAfYHK[SçQNQHxn��§w5cYNmHUHKT��p¶l¶A¶ èMw5ª<`5e�^a`
e�[Ê[Qr5J5J�VYNQPQHKn(°�]�n_HU°5NmeAH©ÎMT5c�NmHUJ�VYNQPm[aÁ�w�LOT�n(PQ`MLOP'PQ`5H+rM[�H+VOXqPQ`5e�['J5`MVYT5V�blV�cYe�^ULOb?[Q]_[hPmHUR
XFVYN&r5TMNQHKbALOPQHKnÃelT5XFVYNmRSLOPQeAVYTÇn_r5NmelT5c LONQPQe�^©rMbALOPQVYNm] [�r5JMJ5NQHx[Q[QeAVYTÃbAHKL�n5[3PQV�PQ`5H�V�°M[�HKNQf�HKn
J�HUNQXFVYNmRSLYTM^©H�n_HUÎ�^©elPm[K¶
Â�`5e�[-XFVYNmRVYX<J5`5VYTMVYbAVYcYe�^ULYb�°5elT�n_elTMcÄ^ULYT,°�H+^©V�T*PQNaLY[�PQHKn,ª<elPQ`´VOPm`5HUN'XFVYNmRS['VOX�°5elT�n_elTMc
PQ`�LP<^ULOT+°�HvrM[QHKn¯eAT+VYPQ`5HKNk[QegPmrMLPmelV�TM[kLYTMn+[Qr5°M[QHUNmfYHxnS°�]pVYPQ`5HKNk°MNmLYelT+LYNQHxLY[j°�HK[Qe�n_HK[kPQ`MH
J5NmH©XFNmVYT*PmLYb5^©V�N�PmH©®¨¶jy�� �<HKelbAbl]�w�oqrM[Q°�]YwYLYTMn Ú VOPmV µ eAT¯J5NmHK[m[mÁ8e�n_HUT*PmegXF]§PhªkV�VYPQ`5HKN?eARpJ�VYNQPmLYT*P
°5eATMn_eAT5cvRpHx^a`MLOTMeA[QR¯[8LYTMn�Pm`5HUeAN�T5HUrMNmLYb�[Qr5°M[�PQNaLPmHK[7elTpLYn5n5egPmelV�T'PQVvPm`5HkJM`5VYT5V�blV�cYe�^ULYbYbAV*V�J
RSHK^a`MLYT5e�[�R�+

,.- º����·¾D¿mÀO¼q¿aºxÀ��'������¿aº0/1�'/Ä¿aºO»�2�$_»�¿��·¾435�76©¾Ò»8/¾Ò»�½�9§Â�`5e�[-eA[�ª<`MHUNmHpHxLY^a`(T5HUrMNmLYb8rMT5egP^©V_n_Hx[�elT�L&cYNaLYn_HxnÄXDL�[�`MelV�T,XFV�N§L&b�LONmcYH¯T�r5R§°�HKNÊVOX<NmHUb�LPmelf�HUbA]ÏblVª�³�VYNan_HKN'^©VYT5³
: r5TM^©PQeAVYTM[Kw_LOTMn¯R¯LYT*]¯[QrM^a`�r5TMegPa[qLYNQH�rM[QHKnSPmVÊNmHUJ5NmHK[QHUT*PqLYT�]§c�elf�HUT�eAT5J5r_P µ H�¶ c�¶lw
¦�eA^a«�HUbAcYNmHUT�w�ßK}Yà�}5á��ÏHUb7ã�Ü8e�[�HKNKw¬ÝO|�|Y|5á�y�� �<HKelbAbl]�ãæoqrM[Q°*]�w�ÝY|Y|�Ý�Á�¶<Â�`5e�[<XFV�NQR
VOX�°MelTMn5elT5cpPaLO«YHx[qJ5bAL�^©Hvª<egPm`5eAT+Pm`5H-°MLY[QeA^�NmHUJ5NmHK[QHUT*PmLOPQeAVYTM[keAT+Pm`5H-T5H©PhªqVYNm«pPQ`MLOP
LONmH�[Q`MLOJ�HKn3°�]¯cYNaLYn_r�LOb�blHxLONmT5elTMc§J5NmV_^©Hx[Q[QHK[qLOTMn+J5NmVf*e�n_Hx[kL§blV�T5cO³�b�LY[�PQeAT5c µ T5VYT_³
PQNaLOTM[QeAHUT*PaÁ�XFV�NQR VOX<°5eATMn_eAT5cM¶&ÞÌTÉ[Q`5VYNQPKw7PQ`MHK[QH�«�elTMnM[�VOXWn_e�[hPmNQeA°5r_PmHKn´NmHUJMNQHx[�HKT_³
PmLOPQeAVYTM['L²f�VYe�n�Pm`5H�°5eATMn_eAT5c�J5NmVY°5bAHUR elT�Pm`5HSÎMNa[hP'JMbAL�^©H¯°�]ÄHKTM[�rMNQeAT5cÆPQ`MLOPÊNmHUbl³
HUfLOT*P§^UVYT : rMTM^�PmelV�TM[ÊLYNQH¯HKTM^©V_n_Hxn¨w7eATM[�PQHxLYn�VOX<NmHUJ5NmHK[QHUT*PmelT5cÏn5egÍ¬HUNmHUT*P'XFHxLPQrMNQHx[
rM[QelT5c&HKT�PmelNmHUbA]Ï[QHUJMLYNmLOPQHYw¨bAV_^ULYble�[hP-r5T5elPm[ µ ª<`5e�^a`,e�[-ª<`MLOP-c�elf�HK[vNmeA[QHÊPmV&°5elT�n_elTMc
J5NmVY°5bAHUR¯[<eAT&PQ`5HÊÎMNa[hPIJMbAL�^©HxÁ©¶<åWVªqHUfYHKNKw�Pm`5e�[<XFVYNmRÛVOXj°5eATMn_eAT5c+^ULYT5T5VYPINmLYJ5e�n_bl]
HUTM^UV_n_H§TMVfYHUb�°5eATMn_eAT5c*[�NmHK±*r5eANmHKn�XFV�N�[�J�HK^UegÎ�^§PaLY[Q«�[WÈ PQ`MHpJM`5VYT5V�blV�cYe�^ULYb�bAV*V�J
RSHK^a`MLYT5eA[QRä^ULYT'Pm`*r�[j^©VYRSJ5bAHURSHKT�P8PQ`MHq°�LY[QeA^q^©V�N�PmeA^KLOb*RpHx^a`MLOTMeA[QR.°�]�J5NQVf�e�n_eAT5c
ËMH©®_eA°5bAHYw_PmNmLYTM[�eAHUT*P<°5eATMn_eAT5c�[�V�TÆLYT�LYn�³�`5V_^v°MLY[QeA[K¶

,<; ¾ ¸�¸5ºx¿aÀ�I¸5ÀO¼=�Ì¸�¾>�Uº?/O¾D¿�¿aº»�2�$_»¬¿��·¾43��@6U¾Ò»&/O¾Ò»*½A9��ÄLOT�]�PQ`MHUVYNmeAHK[vVOX�`5eAJ5J�V_^KLORSJMLObXFr5TM^©PQeAVYT�^©V�T*f�HUNmcYHWV�T+Pm`5H�e�n_HKLÊPQ`MLOPWegP<°5eATMn5[<PQVYc�H©Pm`5HUN�eATMn_eAf*e�n_rMLYb¨HUbAHURSHUT*Pa[�VOX
LOT¯HU®�J�HUNmeAHUTM^UH<elT*PQV§L�r5T5elPmLYNQ]§NQHKJ5NQHx[�HKT*PmLPmelV�T�wOª<`5e�^a`�^ULYTSXFVYNkH©®5LORSJ5bAH<°�H�bALOPQHKN
NQHx^ULYblbAHKn�XFNQV�RÐJMLONQPQe�LOb�^Ur5HK[ µ [�HKH§y�� �WHUeAblbA]+ãB�WrMn_]Yw�ÝO|Y|MßWXFV�NWL§NmHUf�eAHUªIÁ©¶�Â�`MHK[QH
`5eAJ5J�V_^KLORSJMLObW^UVYT : rMTM^�Pmelf�HÆNmHUJMNQHx[�HKT�PaLPmelV�TM[§LYNQHÆ`5eAcY`5HKN�³�VYNan_HKNpLYTMn�RSV�NQH&[�J�H©³



^©elÎ�^IPQ`MLYT�PQ`MH�bAVªkHKN�³�VYNan_HKN\^©V*LONa[�HU³�^UV�n5HKnS^©V�N�PmeA^KLOb¬^©VYT : r5TM^�Pmelf�H�NmHUJMNQHx[�HKT�PaLPmelV�TM[
µ e·¶ H�¶lw�Lp`5elJMJ�V_^ULYRSJMLOb�^UVYT : rMTM^�PmelV�TÆHKTM^©V_n_Hx[�PQ`MHÊ^©V�RÊ°5eATMLPmelV�T3VYX8R¯LYT*]�XFHKLPmr5NmH
HUbAHURSHUT*Pa[Uw�ª<`5eAblH3LÏ^©V�N�PmeA^KLOb?^©V�T : r5TM^©PQeAVYTÉHKTM^©V_n_Hx[�NmHUb�LPQeAfYHKbl]ÄXFHUªIÁ©¶ÏÂ�`*r�[Uw8PQ`MH
`5eAJ5J�V_^KLORSJ5rM[q^ULYT¯°�Hv[�HKHUT�LY[kLÊ[QJ�Hx^©e�LObAelÑKHKn¯[Q]_[hPmHUR XFVYNkn5VYeAT5c'bAVYT5cY³:PmHUNmR °5eATMn�³
elTMcÄVOXI[QJ�HK^©elÎ�^3HUJ5e�[QV�n5HK[Kw�^UVYRSJ5bAHURSHUT*PmelT5cÄPQ`5HÆRSVYNmH�cYHKT5HUNaLObAeAÑUHKn´^UVYT : rMTM^�Pmelf�H
°5eATMn_eAT5c3J�HUNQXFVYNmRSHKnÄ°*]ÆPm`5H¯^©VYNQPQHU®¨¶vÞÌRSJ�VYNQPmLYT�Pmbl]�w�PQ`5Hp`5eAJ5J�V_^KLORSJ5rM[�^KLOTÄLYbA[QV
HUTM^UV_n_H<PQ`MHK[QHI^©V�T : r5TM^©PQeAVYTM[\NmLYJ5eAn5bl]�w�LOT�npPQ`5HKNQHUXFVYNmH<egP�[�`MLYNQHx[?[QVYRSH<VOX¬PQ`MH�[mLORSH
XFr5TM^©PQeAVYTMLYblelPh]�L�[SPQ`5H�JM`5VYT5V�blV�cYe�^ULYbqbAV�VYJ RSHK^a`MLYT5e�[�R µ e·¶ H�¶lw�NaLOJ5e�n_bA]ÉHUTM^UV_n_elTMc
LONm°5elPQNaLONm]Æ^UVYT : r5T�^�PQeAVYT�[-NQHx±�rMelNmHKn&XFV�NvPmLY[Q«_[mÁ©¶§Â�`�rM[Kw¨egP�e�[vbleA«YHKbl]&Pm`MLP-PQ`MHp`MelJ_³
J�V_^KLORSJ5rM[qLOTMn�PQ`5HvJ5NmH©XFNmVYT*PmLYbg³�RSHKn_e�LPmHKnSªqVYNm«�elT5cÊRpHKRSVYNm]S[Q]_[hPmHUR µ elTM^Ublr�n_elTMc
PQ`5HSJ5`MVYT5V�blV�cYe�^ULOb7blV�V�J�ÁILYNQHpJMLYN�PmeALYblbA]&NQHxn_r5TMn5LYT*Pvª<elPQ`(HKL�^a`ÄVOPm`5HUNxw¨LOTMn,ªqVYNm«
PQV�cYH©Pm`5HUN<eATÆRSLYT�]¯PmL�[�«_[ µ ikV�`5HUT�ãæy�� �<HKelbAbA]Yw�ßx}Y}Yà*Á�¶
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y�r5N�RSV_n_HUb5VYXMPm`5H�J5`5VYTMVYbAVYcYe�^ULYb�blV�VYJÊPmLY«YHK[�L�n_fLOT*PmLYcYHqVOX�NmHK^UHUT*PjªkV�NQ«�[Q`5Vª<eAT5c�`MVªÉPQ`MH
J5NmH©XFNmVYT*PmLYb*^UVYNQPQHU®�LYTMn'°�LY[mLOb*c�LOTMcYbAeALW^KLOT§elT*PQHKNmL�^�P7PQV-[�r5JMJ�V�N�PjLY^©PQeAf²LOPQeAVYT_³�°ML�[�Hxn�ªkV�NQ«�eAT5c
RSHURSVYNm] µ Ü5NaLOT5«§H©P\LOb·¶Aw�ÝO|�|5ßxÁ©¶7Â�`5HW^UNQelPQe�^ULYb5J5NmelT�^©eAJ5blHx[�°�HK`5eATMnpPQ`5e�[?ªqVYNm«'LONmHWLY[8XFV�blbAVªW[?+

, Z?NmH©XFNmVYT*PmLYbj^©VYNQPQHU® µ Z\Ü8i�Áve�[Ê[QJ�HK^©e�LObAeAÑUHKn(NmHUb�LPmelf�H§PmV&PQ`5H+J�V*[hPmHUNmelV�N'^©VYNQPQHU®ÄXFV�N
�Qº16�$ ���qÀO»&/��mÀm¸�¾ /_¼ ��$x¸�/YÀ��ÌÀ16U¼ �WRSLYelT*PmHUTMLYTM^©H-VOX8elT5XFVYNmRSLOPQeAVYT3elT�LOT&LY^©PQeAfYH-[hPaLPmH
µ e·¶ H�¶lw�f�e�L�J�HKNm[Qe�[hPmHUT*P'ÎMNmelTMcÏVOX<T5HKr5NQV�TM[aÁ�¶�Â�`�rM[UwjZkÜ8i ^ULYTÉ±�rMeA^a«�bA]Är5J¬n5LPmH�PmV
R¯LOeAT�PaLOeAT�T5HUª�eAT_XFVYNmR¯LPmelV�T µ elTÏPQ`5e�[�^KLY[QHYw_Pm`5HÊV�T5H'HU®�J�V�[Qr5NmH-PQV+L¯[QHK±*r5HKTM^©HÊVOX
J5`5V�T5HURSHK[aÁ�w�ª<`5elbAH¯°�HUeAT5c�LO°5bAHpPQV�LOb�[�VÆJ5NmVOPmHK^�P�R¯LOeAT*PmLYelT5HxnÄeAT_XFV�NQR¯LPmelV�TÏXFNmVYR
elT*PmHUNQXFHUNmHUTM^UHWXFNmVYRæVYT5c�VYeAT5cÊJMNQV_^©Hx[Q[QeAT5c µ [QHUH'y�� �<HUeAblbA]Yw�oqNmL²f�HUNxw�ã{ikV�`5HUT�w¬ßx}Y}Y}Má
ikVY`5HKT�woqNmL²f�HUNxwxã y�� �<HKelbAbl]�w_ßK}�}Yà5á5��eAblbAHUN?ãÇikVY`5HKT�wYÝO|�|5ß?XFV�N�HUb�LO°�VYNaLPQeAVYT�[7LYTMn
NQHKf�elHKªW[kVYX8NmHUbAHUfLYT�PWn5LOPmL*Á�¶

, �<VY°MrM[hP�R¯LOeAT*PQHKTMLOTM^UHpLYTMnÏNaLOJMeAnÄr5J�nMLPQeAT5c�LONmHpelT,XFr5TMn5LYRSHUT*PmLYb?^©VYT5ËMeA^©PKw�LYTMnNQHx±*r5elNmH&L /��»�À�§¾D¿3½�À��:¾Ò»�½#��m¿a¹5ÀO»M¾>�� Pm`MLP�^KLOT [�ª<elPm^a`Å°�HUPhªkHKHUT�PQ`5Hx[�HÆPhªqV
RSV�n5HK[�VOX�VYJ�HUNaLPmelV�T µ y�� �<HKelbAbA]+H©PILYb:¶Aw¨ßK}�}Y}Má5ikV�`5HUTÆH©PILYb:¶Aw�ßx}Y}Yà*Á�¶

, Â�`5HÆ°MLY[mLObqc�LYT5cYbAeAL µ o<â�ÁÊ^KLOT�J5NQVf�e�n_H�Pm`5e�[pn5]*T�LORSeA^+c�LOPQeAT5cÄRSHK^a`�LOT5e�[�R f�e�L
RSV�n5r5bALOPQV�NQ]�wWn_eA[QeAT5`5eA°5egPmVYNm]�^©VYTMT5HK^©PQeAf*elPh]Åª<egPm`�PQ`5H�Z\Ü�i�¶kÜMr5N�Pm`5HUNmRSVYNmHYw�Pm`5eA[
o<â�³·°ML�[�Hxn�c*LPQeAT5c�RpHx^a`MLOTMeA[QR J5NmVf�eAn_Hx[ ���U¼ �a¿��·¾43x¾4���w�[QrM^a`ÃPm`MLPÏ[QHUJMLYNmLOPQH,NQHU³
cYeAVYTM[+VOX'Pm`5H�Z\Ü8iÛ^KLOT�°�H(elTMn5HUJ�HUTMn_HKT*PQbA]�r5J�nMLPQHxn�V�NÆLYblbAVªkHxnÅPQVÅJ�HKN�XFV�NQR
NQV�°5rM[�P'R¯LOeAT�PmHUTMLYTM^©H�¶ � J�V�[m[�eA°5bAH�LOTMLOPQVYRSe�^ULYb?[�r5°�[hPmNmLOPQHSXFVYN-Pm`5HK[QH+[QHUJMLYNmLY°5bA]
r5J¬n5LPaLO°5bAHIZ\Ü�i´NmHUc�elV�TM[jLONmH�PQ`MH ������¾ ¸��?[�PQNmrM^�Pmr5NmHK[je�n_HUT*PmegÎMHxnS°�]���HKf�egPQPKw���HUª<e�[Uw
�?V�[Q`5eAVY«L5w5LYTMn@��r5TMn µ ßx}Y} s Á�¶

, � ^©PQeAfYHWR¯LOeAT*PQHKTMLOTM^UHWeATSPQ`5HvZ\Ü8iÉe�[\eARSJ5blHKRSHUT*PQHxnSf*e�L'L'^UVYR§°5elT�LPQeAVYTSVYX¬NmHK^Ur5NQ³NQHKT*P?H©®5^©elPmLOPQVYNm]'^©V�T5T5Hx^�PQeAVYT�[?LOTMnpeAT*PQNaLY^©HKblbAr5b�LON�H©®5^UegPaLPQV�NQ]ÊelV�T5eA^<^UVYTMn5rM^�PaLOTM^UHK[K¶
Â�`5e�[ÊLObAbAVªW[vPQ`5HÆZ\Ü8iär5T5elPm[ÊPQV�c�HUT5HKNmLYblbA]ÄNmH©Ë�HK^�P�Pm`5H3^Ur5NmNQHKT�P'eAT5J5r5Pm[Kw8HU®5^©HUJ5P
ª<`5HUT�Pm`5HK[QH+rMT5egPa['`ML²f�HSPQ`5HKelNpeAT�PmNmL�^©HKblbAr5b�LON�R¯LOeAT*PQHUT�LOTM^UH+^©r5NmNmHUT*Pm['L�^�PmelfLPmHKn¨w
ª<`5e�^a`+^ULYrM[�Hx[�PQ`MHURæPQVÊNQHUËMHK^©PkJ5NmHUf�eAVYrM[Qbl]§R¯LOeAT�PaLOeAT5HKn�elT_XFV�NQR¯LOPQeAVYT�¶ Ú HUHvÜ5NaLOT5«
H©PILYb:¶ µ ÝO|Y|MßxÁ?XFVYN<RSVYNmH�n_H©PaLOeAbA[WVYT3PQ`5H�eARSJ�V�N�PaLOTM^UHvVYX7Pm`5e�[�RpHx^a`MLOTMeA[QR&¶
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Â�`5HÄLY°�Vf�H&RpHx^a`MLOTMeA[QR¯[¯RSVOPQeAfLPmHKnÅVYr5N+RpV_n_HKbleAT5c´VYXvPm`5HÏJ5`MVYT5V�blV�cYe�^ULOb�bAV�VYJ�LY[pXFV�bg³
bAVªW[ µ [QHUH+Ü8eAcYr5NmH�ßxÁ©¶�Ü7eANa[hPxw8[QHUJMLYNmLOPQH�ZkÜ8i{[hPmNQeAJ�Hx[ÊLYNQH¯rM[QHKn(PmVÏHUT�^©V_n_H�HxLY^a`´[hPmHUJ´eAT
PQ`MHÆ[QHK±*r5HKTM^©H�¶(Â�`�rM[Kwj°5eATMn_eAT5cÄVYXIJ5`5V�T5HURSH+e�n_HKT�PmegPh]´LYTMn�[QHK±*r5HKT�PmeALYb\V�Nmn_HKNÊV_^U^Ur5Na[ÊeAT
PQ`MeA[IRpV_n_HKb�°�]ÆrM[�eAT5c�n_e�[�PQeATM^�PvT5HUr5NaLOb7[�r5°�[hPmNmLOPQHK[qPmV�NmHUJ5NmHK[QHUT*P<PQ`MHÊ[�Hx±*r5HUT*PQe�LOb�elT_XFV�NQR¯LO³
PQeAVYT�¶ÊÂ�`5e�[�e�[vHUT*PQeANmHUbA]&XFHKLY[QeA°5blHp°�HK^ULYrM[QH§HxLY^a`Ä[�PQNmelJ�H¯^ULYTÄNmHUJ5NmHK[QHUT*PvLYblb�VYX?PQ`5HpJ�V�[m[�eA°5bAH
J5`5V�T5HURSHx[UwOc�elf�HUTÊPQ`MLOP8Pm`5HU]ÊNQHKJ5NQHx[�HKT*P8Lv^©bAV�[QHKnÊ^UbAL�[Q[8VYX�elPQHUR¯[K¶ Ú HK^©V�TMn¨wPm`5H<[hPmVYNaLOc�H\VOX�L
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Hidden Context

OutputTime
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T5HKªÅ[QHK±*r5HKTM^©H<eAT�fYVYbAfYHx[7PQ`5HW°�LY[mLOb_c�LYT5cYbAe�LIc*LPQeAT5c-RSHK^a`MLYT5e�[�R{PQNmelc�cYHUNmeAT5c�rMJ�n5LOPQHx[?VOX�PQ`MH
n_elÍ�HKNQHKT*P�ZkÜ8iÅ[�PQNmelJ�HK[kelT+PQ`5H-LOJMJ5NQV�J5NmeALOPQHWV�Nmn_HKNK¶7¦,H-LY[m[Qr5RSHWPQ`MeA[�^ULYT�°�H�bAHKLYNQT5Hxn¯VfYHKN
H©®_J�HUNmelHKTM^©H�w�LOTMn,ªqHpLYNQHS^©r5NmNmHUT*PQbA]&ªkV�NQ«�eAT5c+V�T(n_HKfYHKblV�J5elTMc+J�VªkHKN�XFr5b�bAHKLYNQT5eAT5cÆRSHK^a`MLO³
T5e�[�R¯[-XFV�N'LYn5LYJ_PQeAT5cÆPQ`MH¯°MLY[mLObjc*LOT5c�ble�L+c*LPmelT5c&RSHK^a`�LOT5e�[�RelT(PQ`MeA[�ª�L²]Y¶¯Â�`5e�[�«�eATMn(VOX
c�LOPQeAT5c-^©VYT*PmNQV�b*ªqVYrMbAnpLOb�[�V-bAel«�HUbA]�NQHx±*r5elNmH<[�V�RSHk«�eATMnpVOXMPmHURSJ�VYNaLObQP[QHK±*r5HUT*PmeALYb*eAT5J5r5PjPQ`MLOP
eATMn_e�^ULPmHK[8Pm`5H<blV_^KLPQeAVYTpª<elPQ`5eATSPQ`5HW[QHK±*r5HKTM^©HkÈ [QrM^a`SelT5XFVYNmRSLOPQeAVYTpRSelc�`�P?^UVYRSHqXFNQV�RäPQ`MH
^©HKNQHK°�HKblbAr5R µ HY¶ cM¶Aw_ÞÌf�NQ]�w¨ßK}�}Yà�Á©¶
ÞÌT+L�n_fLOTM^UHIVOX�`�L²f*eAT5cÊn5HUfYHKblV�J�HxnSNQHxLObAeA[�PQe�^WLYTMn�^©V�RSJ5r_PmLOPQeAVYTMLYblbA]pJ�VªqHUNQXFr5b�RpHx^a`MLOTMeA[QR¯[
XFVYN¯°�VOPm`ÅPQ`5H�bAHKLYNQT5eAT5c�LOTMn�PQ`MH&PQHURSJ�VYNaLObQP[QHK±*r5HKT�PmeALYb<^©VYT*PmNQV�b�L�[�J�HK^©Pm[SVYXIPQ`MH�RpV_n_HKb:w
ªqHÏ[�eARSJ5bl]ÅeARpJMblHKRpHKT*PQHKnÅPm`5HK[QH�°�]�Î�LP�eAT PQ`5HÄ[QeARÊr5b�LPmVYNx¶ÃÜ5V�N¯PQ`5HÏPQHURSJ�VYNaLObI[QeAcYTMLYb
eATMn_e�^ULPmelTMc+bAV�^KLPmelV�T�ª<egPm`5elTÄPQ`5Hp[�Hx±*r5HUTM^UHYw�ªkHp[�eARSJ5bA]&L�^�PmelfLPmHKn�L3n_egÍ¬HUNmHUT*PvelTMn5elf�e�n_rMLOb
PQeARSH§rMT5egP-XFV�N�HxLY^a`ÏJ�VYeAT*P�eATÏPQ`MHp[QHK±*r5HKTM^©H µ Pm`5HpÂ�eARSH§eAT5J5r5Pvb�L²]YHKNIeAT,Ü8elc�r5NmH+ßxÁ©¶�Â�`5eA[
[Qelc�TMLOb�ªqL�[jPQ`MHUT+r�[�Hxn¯°�]pL§[�eARÊr5b�LPmHKn¯c*LPmelT5cÊRpHx^a`MLOTMeA[QR µ elRSJ5bAHURSHKT�PmHKn+elTÆ[Q^UNQeAJ_Pk^UV�n5H
eAT¯PQ`5H�[�eARÊr5b�LPmVYN�Á8PQVÊr5J�nMLPQHIPQ`5Hv^©V�NQNmHK[QJ�V�TMn_eAT5c�[hPmNQeAJ�HWelT+J5NQHUXFNQV�T*PmLOb�^©VYNQPQHU®¨¶ � bgPm`5VYr5c�`
PQ`MHÊNmHK[Qr5bgPmelTMc�RSV�n5HUb�ª�LY[WPQ`5HKNQHUXFVYNmHÊ[QelRSJ5bAegÎ�HKn¨w�egPvT5HUf�HUNQPQ`5HKblHx[Q[I[hPmelbAb7`�LYn�L�^a`MLYblbAHUTMcYeAT5c
bAHKLONmT5eAT5c(PmL�[�«�PQVÉJ�HUNQXFVYNmR&¶ Ú J�HK^UegÎ�^KLObAbl]�wqPQ`5HÄ[�PQNmeAJ�HÄ^UVYT*PQHU®�P�bAL²]�HUNa[S`MLYn�PQV´bAHKLYNQTÅPmV
HUT�^©V_n_H�LYTMn¯R¯LOeAT*PmLYelT¯Pm`5H-^©r5NmNQHKT*P\elTMJ5r_P<fLObAr5HIJ5NmVYJ�HUNmbA]Yw�LOTMnSPm`5H�åIeAnMn_HUT3bAL²]�HUN\`�LYnSPmV
°�HqLY°5blH\PQVvn_HK^UV�n5H\Pm`5Hk^UVYT*PQHU®*P8bAL²]�HUN7elT_XFV�NQR¯LOPQeAVYTÊL�[7LWXFr5TM^�PmelV�TÊVYX_PQ`5HkPQeARSHkeAT5J5r_P�fLObAr5HY¶
Â�`5H�RpV_n_HKb¬ªqL�[?eARpJMblHKRpHKT*PQHKn+rM[QelT5cÊPQ`5H���HxLO°5NaL'LYblc�VYNmegPm`5R ª<elPQ`3[hPaLOTMn5LYNmn�JMLONaLORSH©PmHUNa[
µ y�� �<HKelbAbl]�w�ßK}�}YzMá5y�� �<HKelbAbl]3ãB��r5T�LO«LPaL5wMÝO|�|Y|*Á�¶
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Phonological Loop Generalization
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� =�� ��B*���Ê���������25CD48CD4��
Â�`5H�TMH©PhªqVYNm«Äª�LY[-PmNmLYelT5Hxn´LY[-XFV�blbAVªW[K¶ Ú HK±*r5HUT�^©HK[ µ VYX�bAHUTMcOPQ` s XFVYN'V�r5NÊeAT5elPQe�LOb\ªqVYNm«5Á
ªqHUNmHWJ5NmHK[QHUT*PQHxnS°*]¯[QHK±*r5HKT�PmeALYblbA]SLY^�PmelfLOPQeAT5c§LYT�elTMJ5r_PSç�J5`5V�T5HURSHxè'LOTMn¯L§^©V�NQNmHK[QJ�V�TMn_eAT5c
[QHK±*r5HUT*PmeALYbIbAV�^KLPmelV�T�elTMJ5r_P µ elTÃPQ`5H(Â�elRSH(elTMJ5r_P3b�L²]YHKNaÁ©¶ä¦(HÄVYTMbl] rM[QHKn.ßx|Én_elÍ�HKNQHKT*P
J5`5V�T5HURSHx[UwHxLY^a`'VYXMª<`5e�^a`'ªqL�[�HKTM^©V_n_Hxn'bAV_^ULObAbA]vª<elPQ`pL�n5egÍ¬HUNmHUT*P�r5T5elP8eAT'Pm`5HkÞÌTMJ5r_PjbAL²]�HUNx¶
Ü5V�N�H©®5LORSJ5bAHYw�Pm`5H-T5H©PhªqVYNm«¯^©VYrMbAn3cYHUP�Â�eARSH��ä|5w�ÞÌT5J5r5P��.Ý_w�Pm`5HUT&Â�elRSH � ß�w_ÞÌT5J5r_P��
!�w¬Pm`5HUT´Â�eARSH"�	Ý_w¨ÞÌT5J5r5P � s PmV3HKTM^©V_n_HpPm`5H¯[�Hx±�rMHUTM^UHSÝ5w#!_w s ¶ÊGIrMNQeAT5c3PQ`5e�[-HUTM^UV_n_elTMc
J5`ML�[�H�w5Pm`5H'T5HUPhªkV�NQ«3ªqL�[�PQNaLOeAT5HKn3PmV+LY^©PQeAf²LOPQH�Pm`5HÊ^Ur5NQNmHUT*PWÞÌT5JMr_P�V�T&PQ`5Hpy�r5PQJ5r_PvbAL²]�HUNxw
LOT�n(PQ`5H+[QeARÊr5b�LPmHKn(c�LOPQeAT5c&XFr5TM^©PQeAVYT�[QelRSJ5bA]�LY^�PmelfLOPQHKn,Pm`5H�eAT�PmNmL�^©HKblbAr5b�LON'R¯LOeAT*PQHKTMLOTM^UH
^©rMNQNmHUT*Pm[IXFVYNvPm`5HSr5T5elPm[-eATÏPQ`MHS[�PQNmeAJ�HSeATÏPQ`MH�ikV�T*PQH©®�P µ ZkÜ8i�ÁIbAL²]�HUN�PQ`MLOP�^UVYNmNQHx[�J�VYT�n_HKn
PQV+PQ`5HpÂ�elRSH§elT5JMr_P µ e:¶ HY¶Aw¨[hPmNQeAJ�Hp|¯XFV�N�Â�eARpH$�v|5w�H©Pa^KÁ�¶�Â�`5HUT�w�Pm`5HÊT5HUPhªkV�NQ«Æª�LY[�PmNmLYelT5Hxn
PQV,NQHx^ULYblb\PQ`5e�[§[QHK±*r5HKTM^©H�w?n_r5NmelTMcÏª<`5e�^a`´PQeARSH3T5VÄÞÌT5J5r_P¯LY^©PQeAf²LOPQeAVYTÉª�LY[ÊJ5NmHK[QHUT*PK¶ÄÂ�`MH
T5HUPhªkV�NQ«ÆNQHx^©HKelf�HKn3PQ`5HS[QHK±*r5HUT�^©H'VYX\Â�elRSHpelT5JMr_Pm[ µ |Mwlß�w Ý�Á�w¬LOTMn�ª�LY[WPQNaLOeAT5HKn�PQV�J5NmV_n_rM^UH
PQ`MHÊ^©V�NQNmHK[QJ�V�TMn_eAT5c�y�r_PQJ5r5PWXFVYN<Pm`MLP�blV_^ULOPQeAVYT&eAT3Pm`5HÊ[QHK±*r5HKTM^©H µ HY¶ cM¶Aw�Ý_w%!�w s Á©¶\Â�`5HÊZkÜ8i
^©V�T*PQH©®�P�bAL²]�HUNa[ : r�[hPWR¯LOeAT*PmLYelT5Hxn¯Pm`5HUeANWLY^©PQeAf²LOPQeAVYTÆ[hPaLPQHx[�°MLY[QHKn+VYT3PQ`5H-eAT*PQNaLY^©HKblbAr5b�LONqelV�T
^©rMNQNmHUT*Pm[<L�^�PmelfLPmHKn�n_rMNQeAT5c¯HUT�^©V_n_eAT5c µ LYTMn&NQHx^©r5NmNmHUT*PWLY^�PmelfLOPQeAVYT�Á\È VYTM^UH-PQ`5H�T5HUPhªkV�NQ«
`ML�[�°�HKHUTÆPQNaLOeAT5HKn�w�PQ`5H'L�^�PQeAfYH�ZkÜ8i�[�PmLOPQH�NmHUJ5NmHK[QHUT*Pa[\Pm`5H�HUT*PmelNmH�[�Hx±�rMHUTM^UHY¶

� ='& (ÆB�48B)�²2M9DC�*�2_�KC:��4�13B,+�-89F��+
� ^©NmegPmeA^KLOb�PmHK[�PvVYXjPQ`5H§RSV�n5HUb�eA[IPQVÆn_H©PmHUNmRSelT5H§ª<`5H©Pm`5HUNvelP-^KLOT�J�HUNQXFVYNmRé[Q]_[hPmHUR¯LPmeA^KLObAbl]
ª<elPQ`¯T5Vf�HUbM[QHK±*r5HKTM^©Hx[8È VYTMbl]pegX¨elPkn_HKRpV�TM[�PQNaLPQHx[8PQ`5e�[\^KLOJML�^©elPh]§^KLOTSegPq[�HKNQf�H�L�[?L�RSHK^a`5³
LOTMeA[QR�XFVYN�NaLOJ5e�n_bA]¯°5eATMn_eAT5c�LONm°5elPQNaLONm]peAT_XFV�NQR¯LPmelV�T µ [�rM^a`&LY[kPm`5HvPmLY[Q«+n_HKR¯LOTMn5[<[�PQr�n_elHxn
°�]<��eA]�LY«YH�ã Ú VOPQV�w?eAT�J5NQHKJMLONaLPmelV�T�Á�¶�¦�elPQ`.ßx|(elT5JMr_P+J5`5V�T5HURSHx[�LOTMn [QHK±*r5HKTM^©Hx[SVOX
bAHUT5cYPQ`�PQ`MNQHKHYw8PQ`5HKNQH+ªkHKNQH�ß�w |�|Y|�n_elÍ�HKNQHKT*P§[�Hx±*r5HUTM^UHK[ÊJ�V*[Q[Qel°MblH µ ªkHÆLObAblVªqHKn,J5`5V�T5HURSHK[
PQVÄNQHKJ�HxLPaÁ©¶&¦,H¯PmNmLYelTMHKn�VYT ßx|Y|5w�ÝO|�|5w s |Y|Mw7LYTMn´zY|�|3VYX�PQ`5Hx[�H+[QHK±*r5HKTM^©Hx[Uw�LOT�n(PQHK[�PQHxn
cYHKT5HUNaLObAeAÑKLPmelV�T�VYTÉPm`5H+NmHUR¯LYelT5eAT5c([�Hx±�rMHUTM^UHK[K¶(Â�`5H3cYHKT5HUNaLObAelÑxLPmelV�T´NQHx[�r5blPm[§LONmH3[Q`5Vª<T
eAT�Ü7eAcYrMNQHÄÝ5w<ª<`5eA^a`�^UblHxLONmbl]�[�`5VªW[¯PQ`MLOP�PQ`5H,T5H©PhªqVYNm«ÉbAHKLYNQT5Hxn�PQ`5Hx[�HÄ[QHK±*r5HKTM^©Hx[¯eAT�L
[Q]�[�PQHKR¯LPQe�^�R¯LYT5T5HUNSLOT�n�^©V�r5b�n�PQNaLOTM[�XFHUNpelPm[§PQNaLOeAT5eAT5cÄ«�T5Vª<bAHKn_c�H�PmVÄT5Vf�HUb�[�Hx±�rMHUTM^UHK[K¶
ÞÌT*PQHKNQHx[hPmelT5c�bl]�wYPm`5HUNmH�LYJ5J�HKLONa[�PmVÊ°�HvL'^UNQelPQe�^ULYbMPmNmLYTM[QegPmelV�T¯°�HUPhªkHKHUTÏßx|Y|�LOT�n+ÝO|�|-PQNaLOeAT5eAT5c
[QHK±*r5HUT�^©HK[�È ßx|Y|�[QHK±*r5HUT�^©HK[§^©V�NQNmHK[QJ�V�TMn5[vPmVÏHKL�^a`´egPmHUR ª<egPm`5eATÉHKL�^a`�[QbAVOPÊ°�HUeAT5cÄJMNQHU³
[QHUT*PQHxn+NmVYr5c�`5bA]Æßx|§PQeARpHx[Uw_ª<`MeA^a`&LOJ5J�HKLYNm[kPmV§J5NmVf�eAn5Hv[Qr (�^©eAHUT*PW[hPaLPmeA[�PQe�^ULYb¨elT_XFV�NQR¯LOPQeAVYT
NmHUc�LYNmn5elT5cÊPQ`5H�eATMn_HKJ�HKTMn_HKTM^©H'VYX7eATMn_eAf�eAn_r�LOb�[QblVYPm[K¶
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� = � � 472M9FE +xC�+¯���<1+B� �B,+xB*4¬�x2_�KC:��4�+
Â7V¯r5TMn_HKNm[�PmLYTMn&`5Vª PQ`5H'`MeAn5n5HUT�r5T5elPm[�HUT�^©V_n_H'LOT�n&NQHUPQNmelHKfYH-elT5XFVYNmRSLOPQeAVYT&eAT&PQ`5H'R¯LYelT_³
PmLYelTMHKnÏ^UVYT*PQHU®*P�bAL²]�HUNWeATÄL�[Q]_[hPmHUR¯LPmeA^-XDL�[�`MelV�T&PQ`MLOPv[Qr5J5J�VYNQPm[<Pm`5HÊc�V�V�n&c�HUT5HKNmLYbleAÑKLOPQeAVYT
VY°�[�HKNQf�HKn¨w*ªkH�H©®5LORSeAT5HKn¯PQ`5HvJMLPQPQHKNQTM[qVYX�blHxLONmT5HKn¯ªqHUeAcY`*Pa[U¶ Ú V�RpH�NQHKJ5NmHK[QHUT*PmLOPQeAfYHWHU®_LYRp³
J5bAHK[-LONmHÊ[Q`5Vª<TÏeAT,Ü8eAcYr5NmH s ¶våIHUNmHYw¬ªkHS[QHUHÊHKf�eAn_HKTM^©H§VOXk^UV�LYNm[QH©³Ì^©V_n_Hxn3NmHUJMNQHx[�HKT�PaLPmelV�TM[
PQ`�LP�HKTM^©V_n_H§L�[�rM°M[�HUP�VYX�elPQHKR¯[IeAT�HUelPQ`5HKN�V�T5H�PmelRSHÊJ�VYeAT*PIeAT�PQ`5Hp[�Hx±*r5HUTM^UH'VYN�L�^©V�r5J5bAH
VOX¬PmelRSHIJ�VYeAT*Pm[K¶ � bA[QV'ªqH<XFVYrMTMnSr5T5elPm[\PQ`MLOP\ªqHUNmH<RpV�NQH�^©bAHKLONmbA]§LY[m[QV�^UeALOPQHxnÊª<elPQ`�NmH©PmNQeAHUfLYb
LOT�n�T5VYP�HUTM^UV_n_elTMcM¶�Â�`5HK[QH&Ph]�J�Hx[SVOX-NQHKJ5NmHK[QHUT*PmLOPQeAVYTM[pLONmH�^©VYT�[�e�[hPmHUT*P¯ª<egPm` VYr5N¯VYPQ`5HKN
ªqVYNm«&[Q`5Vª<eAT5c+`MVª.PQ`5Hx[�HS«�eATMn5[-VOXkNQHKJ5NQHx[�HKT*PmLPmelV�TM[v^ULOT([�rMJ5J�V�N�P-cYV�V_nÏc�HUT5HKNmLYbleAÑKLOPQeAVYT
µ y�� �<HKelbAbl]Æã{oqrM[Q°�]YwMÝO|�|�Ý�Á�¶

� � Ù�¡�¥¨ØI¡�¡�ÙhÖ Õ

¦(H `�L²fYH J5NQHx[�HKT*PQHKn L	RSV_n_HKb´VOX�[QHK±*r5HKT�PmeALYb�HUTM^UV�n5elT5céVYX�J5`5V�T5HURSHK[Kw�°�LY[QHKn V�T
eATMn_HUJ�HUT�n_HUT*PQbA]*³·RSVYPQeAf²LOPQHxn�^©V�RSJ5r_PmLOPQeAVYTMLYbkLYTMn´°5eAVYbAVYc�eA^KLOb\^UVYTM[QeAn5HUNaLPQeAVYT�[Uw7XFV_^©rM[QHKn´V�T
PQ`MHWT5HUrMNmLYbM[�rM°M[hPmNmLOPQHx[jVOX�PQ`5H�J5NmH©XFNmVYT*PmLYb5^©VYNQPQHU®pLYTMnp°MLY[mLOb5c*LOT5c�ble�L µ ÜMNmLYT5«ÊHUPkLOb·¶lw�ÝO|�|5ßxÁ©¶
�IeAHUªqHKn,eAT,RSVYNmHSLO°M[�PQNaLY^©PKw¨XFr5T�^�PQeAVYT�LOb�PQHKNQR¯[Kw�`5VªqHUf�HUNxw�V�r5N-RSV�n5HUbje�[ : rM[hPÊLYT5VOPm`5HUN-eAT
LÆblV�T5cÆbleAT5HSVOX�^©VYRSJ5r5PmLPmelV�TMLObjRSV_n_HKbA[-VYXk`5VªäJ�HUV�J5bAHpRSeAcY`*P�HUTM^UV_n_H¯[�Hx±�rMHUT*PQe�LOb�VYNan_HKN
eAT_XFVYNmR¯LPQeAVYT�¶8Â�`5HKNQH�LONmH�PhªkV'^UbAL�[Q[QeA^WRpV_n_HKbA[?+ µ L�ÁIÀ5�'�UºK¿U¾DÀ��·¾435�§¿m¹MÀ¾Ò»�¾Ò»*½Yw*ª<`MHUNmH<PQ`5HvLY^©PQel³



fLPmelV�T3VYX8LpcYeAfYHKT+elPQHUR	PQNmelc�cYHKNm[kPQ`MH-L�^�PmelfLPmelV�T3VYX�Pm`5H�T5H©®�P<elPQHUR"f�eALSLY[m[QV�^UeALOPQeAfYH�bleAT5«_[Uw
LOT�n µ °�Á'¾4� ����A¸Mº5��¾4�·¾Dº»´À5�'�UºK¿U¾DÀ��·¾Dº»ÆRSV_n_HUb�[Wª<`5HKNQHÊegPmHUR¯[ILYNQH'L�[Q[QV_^©e�LPQHxn+ª<elPQ`ÏPQ`5HKelNv[�HU³
±*r5HUT*PmeALYb?J�V*[�elPQeAVYT�[�LOTMn(NmHK^ULYblbAHKn,XFNmVYR J�V�[QelPQeAVYT´^©r5Hx[ µ H�¶ c�¶lw ��HUH�ã��\[�PQHx[Uwjßx})! !OÁ�¶�Â�`MH
°ML�[�e�^'LY[m[QV�^UeALOPQeAfYH'^a`MLYelTMelT5c3RSV�n5HUb8`MLY[I°�HKHUT,n5HK^©e�[Qelf�HUbA]3Nmr5bAHKn&VYr5P�°ML�[�Hxn�VYT�HKNQNmVYNWJ�LP�³
PQHKNQT�[ µ åIHUTM[QVYT�w��IVYNmNQe�[Uw�ZjLOc�HYw�ã�o�L�n5n_HUbAHU]�w\ßx}Y}Yà*Á�w8°5r_PpRpV_n_elÎMHxn´fYHKNm[QelV�TM[�VYXWegPpRSL²]
L²fYV�eAnÄPQ`MHK[QH�J5NmVY°5bAHUR¯[ µ HY¶ cM¶Aw ��HKªqLYTMn_VªW[Q«�]Äã ��r5Nan_V_^a«�w\ßK}Yz�}�Á©¶3Z?NmVY°�LO°5bA]�PQ`MH�RSV�[�P
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